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(57) Abstract: A nitride semiconductor light-emitting device comprising a multilayer portion deposited on a substrate and having an 
n-type semiconductor layer, an active layer and a p-type semiconductor layer, wherein the multilayer portion emits light. The lateral 
surface of the multilayer portion is a slope including the surface of the n-type semiconductor layer, and an n electrode is formed on 
the surface of the n-type semiconductor layer. With the above-described device structure, the luminous efficiency and light-output 
efiBciency are increased. 
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^^FPft«^;JS5^fife$^^TV^5„ *^c:. m$)««it$|J7 l 0 (10) ©f^. 710 
13 3 3B{^:^SJ:5tC. nm^5i7 2 1 (2 1) ;dS_hip^ -t?;^^$HT. ^ 
l^v'^^y^/X 1 4 0 0 a{c:*5VNT. jJ^Vt^^^t ^t/ffi^rffi^tLTV^Sfili^i: ;JCoT 

(ll2(D|gPJ) . 

01 8filooa®gP3 1 0Sri£:^LT^-r5PME|T'$>5„ -^fc. Ell 9Att|g 
18(DE-E' lt^^:ov^-c©»fffi®-C^fe!3, Bll 9 BfiH l 8 05F-F' i^tzio 
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3 2 1 b;4S?l^^^$n, ^^®$B3 1 OiZ^m^fLtcTx:i'—S. 2/^m«B3 2 1 a{i 
PP^i-5 4o(Dng^M^-?5/ K3 2 1 b i:^$^^:5o 

i-^i^*,. ^Jfe<^?i^^6(D^<b/^^^<*:^3fe^^lJ:*3V>T. nm^3i3 2 1f4n 
^— ^ y^mms 21 B t K3 2 1 b i;;6^bJfe5o 

ms 3 l:dSj^^$tL, -^TtD^MMS 3 l<D^":^gpiCR?I^<^pyN°y Kflli^S 3 2 

mms 3 lRt;«p^-?s/ Km®3 3 2S:?^^Lfe^. K««i3 2 1 b i:^ 

<^^iaXO«p^-«iy h'mms 3 2 0JbffiSr^V>-cm^^fls:SrSPi^liy^3 7 1 Sr?g 
fife Ur. ^^ggp 3 1 0 p v«? <y 3 3 2 Srav>(j:^i-S p -(Mg^j^liM 3 

6 1 irm^-r^o i^s pm^mmMs e i«, p^n-^^^ k®@3 3 2±tcgE^^ix 

fc^^°5' Kgg^lfBS 6 1 b K^$P3 6 1 bre^g^ig^-rS^gPS 6 1 

m®«P3lOS:9^ (3X3^) J^^Lfc^^Srf^SSI U Sl^SPSloaSlO 
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T2 i:«rjJ?:^^-f V:J^!7^^— W2 py<^y VmMkzf^ P^mm^T 

5 -eol^^. 9 ^(O^m^ 3 10 Lfc^lfe<D?^^i 6 <Z)^^^ (gl 2 5 ) (D^ 

"9 ffi L^^fi. HPIfi! 3 1 0 3i5 1 ^(om^(Dm^m^ (EI 2 8 ) ©ffil 0 W 
1 0 0 t Ufc^i■a'^ 8 6 %T*&ofc, 

i^x mmu3 1 OTt)^i-D<Dm'^<D^itm^ 028) ©sitJWL^^i:. 1112 

25 <T'tSii:;6S?im$tLfCo 
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m^<0^ 19 tfci L5a^^ loot l^tcm^. 6 8 %t?feofc„ 

l-tt^tt^'H. nffiS2 4, mm2 6X«m^2 6 5 trS^^i: LT^tg$-frS 

^m^icit, mx.t£. mi 3 (oimm 271 t:mmi^^mmiz^ ^ t 

icJ:tJ. ^miBJcijq;!, Sltatfelri^fc^S J:5{c:LTt>m\ 
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1 a i±^-r^ 3 0(Dn^^/>°iy K6 2 1 b ^^^$tL-5„ 

y^i^mfiie 2 1 a t n1^>'-?s/ K6 2 1 b i:;0^6,3^i:5„ 
^fcx *«P«P6.i o<D_b® (pa:^^?^ hP<7)_b®) cont^^ffii::, ik®® 

6 1 O p Km® 6 3 2 {i p {Rllg|ii^«!^ 3 6 1 <t «3 
^mWM6 3 1^ p^-^-jy VmM6 3 2^ p^AO^i^m^S 6 l^(Dpm<^WMtl-S: 
y Ymm 6 2 1b [ZM LT 2 o<D^®|fP75S|git IQ , 1 o<D n ^^^-^ 
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OC) o 

^M\^^XD\z-t^:ik :Ammx}h y) . yt<ofRm^nMx^ ^mm<om $ n m 

SIT. mm^mm i.tf::d^ h:^^mi^^^mm<DwmA:i-o\^^xmm-r?>o 
20 MMcomms i$B3(D^m) . 
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7 t;iffl*5i*Hx 1 0 O p M:^- ^ ^ Wm 3 6 jJSj^^ $ HfcMfi p M:^ 

m 2 <D*Msj-r 5 2 ooffi<?) 5 *>w^®(*: 1 0 (D^i^m\^^m.-t^m\^\-i.wnwm 
fle 1 o «z>3g^ 4 -c3S3t ^ ixfe3tfi, ■^j^*fpw 7 (om^mt^hmmwm 2\^^ 

T*5V>Ts ^(O'^:'. ^ ^ffl v>T3i v^^^^-^^ ^(O-^:^^ (rmm:.n 
J::l-?l^^$tLfc^^«c® (pM^^bi^^^^fls^PS. |g3fcM4RtJ«nM^^k'fei|^^ 
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- (Dzr. y ^ :yir:tmmn i o (Dm 9 n m^<\:,'&^mf^m 2 (Dmstmm * tL 

5*-^i^{t5 (0440 o 
:*:;fer|fe-Cfi. ;^ ^ m t mtm^^miimno R I E J: 5 ^ y ^ >' 

* fc. 1 O CQfa^ UfcifBI® 10a 05fii^^ (1^7 r -f T 1 i: 

fi4 5^{c^^i-6„ 

® ( p mmm^^mi^m 3 o*®) (om^i^mi^ p m;^- 5: y 3 e sr?i^^ 

p S:^— 5 y 3 6 fl, Ni/Au. Nl/Pt, P d/P t ^b^fc/JcS^ 
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^^fflv>5r i:>bt?t5}d^ 2{5:|g?gi?«. Rh/Au. R h/P t^CD J; 

^mm^ 1 0 <D p M^'fki^^^Mitj: p m:t- % y-^wm 3 e ^ji^j^fe Lfc^. 

HIS 8ic^i-J:5t-. #pM;^--5: 5/^«^3 6<^tfi^gp mmU^m\*^tzM^ 

^<OW^7 2. 7 3. 5{i. ^Sl^ti, S i O^, T i Oj. Al S i 3 

zro^^(DmmmB:^m^^x^\z.m^'t^:Ltifix^^tK.^m& 

5 (^3 9) „ 

s:#t^6 5 (6) ^m^-ri>. ::<^SJ|tM6fiAg, pt. Rh. Ai 
2^f§gg-C'tt, j^^5 (7 2. 7 3) mS*^Sr^^a5J:5lcLTt>J:v\ 

T i O2. A 1 aOg, T a jOg, Z r O^. Nb ^Og, YgOa;^^^^^^^ i "9 

TiO^/SiOa. Sr^^-a-fciirTl 0 — 2 OJi^^i-SrtJ-J;t>. 
-esjx.^. ^ y^^fiJ:l9ife^mt7^^®lz:ff0fi£i-5 (^4 0) „ :*:38 
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< (^f^U<«. 5 0Mm£A±. J:t)*f^U<tt. 1 0 0~2 0 0Mm<7)^ffl) 
mtix T i. Ag, Al, Ni, P t. Au, Rh. Cu, W 

iTO5 (7 3) i:pM^— ^y^^ffl«i3 6. >9^plti^l^5 (7 3) kcomm 

(7 3) ^<^>^^^t<^>6:V^^^i|S^i: LT, T i , W. A U N i )5S^{f b^XSo 

i&MlfP*t7^<^^©^S#t^(^i^v>TO-e?l^^-t-Sri:('J:^, sit® 
6^^R&i-5J;5lCUXt>J;V\ ^(Oiiof£^mMmt\^-C. Ag. AK Pt, 

:ir^6*JjCfi, Ni, Cus AK Au^<75m^P< Ni, Cu^Otia;^ 

#1-^ Ssm^lfN i y^ae^fi, Au, Cu. Az\z.)AM\^xmm.ii^-^\i^1t.)h\:L^ 
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^ UT. 1 $ tb-r ^tti Lfc n M^^k^feJ^^^^® 2 (Z^^ffil^l^B^mfii 

T-fe5nMl;1ii2 1 (8) (S4 2) „ r(^nMm®2 1 (8) ttW 

/AK V/AK W/Pt/Au. ZnO> I TO^ Mo^^lz: J: D^fig-TS:: 

TOSrffiVNT3gMm«g2 1 (8) SrJ^fiJci-^m. ig*i4it=SrTtf5/c*, 

y Km^2 9<D^fflia5i:^?gffi^2 1 (8) t^momm^7 2 (5) «rm-r 

#: 1 Oi^5M^® 10a Ti^bgHtLfcfirB^ ^0<g^<B!lM 10a ti^m^(Om 

®@(t:i O^IRi^Ml 0 a©PNfig^MdS«^SrS»t5:itd5;5;v\ 

Sfc. ^■^l':5^tiJ-t-5^<7)5>#J&B;5S^]l#:i 0(7)^i#^KiMl 0 a;i-bgtnT 
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m(om^^mii^mmnjim2 1 (s) ^M^\^x\f^^(Dx\ mtftm^i^^^i^—i^M 

n Mm^^ff^^-r S i 5 1- L T J; V \ 

m 3 : m 8 (ommmtmMm) . 
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39 

2<0ftii:^O®©^aat-fi. ^r^Jiggi^ca 1 0\z^m<Dm^WM2 1 (S) ;5Sn 

0) (omMiSm 1 O a /5:»e>8mfc{i®i:^j:S i 5 ^-ll®^<OW^^::^V^T5^'f^J$^ 
0 (OmMmm 1 0 a © P N^'g'a>65^«^g;tt 5 ^ i: jSS?^ < . t^-D^mUU 7 Sr 

*-f IJ:. pM^-fbi^^^^js^ 3 4 i: $nfc:^JSi$: 8 10 =^^V>T 

4 8 iJi^i- J: 5 1^. nM^<b#Ji|t^«s^ 2 p M^'fb'fe^^flc® 3 1 4 
3i5^P$Hfe®®fls8 1 o-4^ffiv>T«l^b-Ct>J;v\ 
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(i|c8 1 0-4^fflVN-C«lfifei-S J:5tcbTt> J:V^ (05 1) „ 

i:$^mm(Dm^mi' i o ooo) 

(m^^it«El O 100) 

:^fim(om^^^i 0 ooo»c:fflv>e)tt5^^^3tl*ii o 10011, las 9 a~b 

^ 2 3 $Hfc»S«5t<$: 10 1 OOT'ts J: < , ^ 1 . 2^mM 

=Bri*:6^l^{i. ^^m(Dmytm'f- 1 0 OOOfi, ^^^^at<^|sl 0 lOOi UT. gl 5 
9A~B{'^-rJ:5l'^ *^-^5t«si 0 100(4. Stgl±t'. Bl#mMJl2. 

:^i-J;9tc«^:j^r6ilc||l. 2^mMli35S|g)t;iSr^tf^5i<z)fi&, ±3z&Lfei:d3 
■9. m, 2^mM^;6^#^I«J^^:g^^$i^xv^-ct>J;<> Sfc^mbSTM^-a-^ 

L-C, MI S«it, p-ngg-g-Slig, -^T^ngl^^it 
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m^mmi^i o ooo%m^-i-^mmmm(D^mimnfi. i n a i g a p^*t 

3fS|., InP^U^. A 1 G a A s ^:N-|S)-. ;m ^ <0?l^*t!|S|'l? t J: < . G a 

N. A IN, %L<{iInN. XJ4CtLf><^)?l^-efe'5 I I I -Vm^it^^m 
(I n„A 1 ^Ga i_._^N, O^a, 0^^, a + /3^l) "C^Sns 

t\.xN<D~n^p, As, sbTgmufeij LfcMH^-x?t5«}:v\ etT, mim 

^mmmmxn^ mi. 2mmm.m2. asr, nM®. pMMi:LTv^;535^ 
MovpE {rnm^mm^^-mm > hvpe i^^y^ h-msmsm . mbe 

^oc}z'^^f-^:y^^ ^ MOCVD i^^V), ^f*U<f± 

MOCVD. MBE-CfcSo 

ji^^^m<D^mitLxi^. mim¥^mi^tm^i^m<ommmmtLx. 

AI2O4) (DJ:oti:^i&m^m^. SiC (6H, 4H, 3C^^tf) . ZnS, 

zno, GaAs, Si, Rv^mm^wt^^i^^-ir^mitmmm^. 
sssfei^^^<b LT. GaN. A\-Nf£if(Dmtm^m'i^mm^ii^iim\'^^:it 
{i^^mimmm^i 0 100) 

0 000 0 100 i: LTfi, t^Jxifiia 5 

7A~D. 1113 9, BI5 9 A~BlC;^i-J; 9 1^:, ±1B^ 1 ±lwT^« 5 00 ?fe 
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(O^x^l) ^i&U (2 0 0~9 0 0°C) T*^ft$*5t><^T*fei9. j^V^-Citi 
tS.-Vm^-^^'^X, II^J?5 0A~0. Ifimnm (^JSS. SSa^K:^^) 
i~5o *fc. E L OCEpitaxial Lateral Overgrowth) t UT^ btbS J: 9 131, S 

ft uTgE-a-. ^-a-rs ^ xm^j^^-r^ ^ 5 ^^isfeft® ^t*® 500 ^ u < 
m^mmmm 1 0 1 00 tn^ v ^ 5 r i: t t'# > ^ ^xic i «9 m^f^^iK.mi 
t:i&m^'^itm^mmtx^?>o 
mim^mm^m\f^?> v-^^^ h t l-c. nw^nrnt uxfi, s i , g e . 

Sn. S. O. T i. Z r#©I Vl^. ^L<^iVI^^7U^'S^ffiV^5r<^3i5S-e#. 
^f*L<f*Si. Ge. Sn^, ^ b (-*t>$f * U < S i $:fflV>S„ "Sfc. p 
M^MI^irUXtt. #l3:|Jg^$tt'feV>;6^ Be^ Zn, Mn, Cr. Mg, Ca 

1mmX':h<>Xii nMM k LTfflV^^r <!:;SS-e#. ^bl^lAl G a A s 

^m^\.x\^xhSi\t\ 
imi^mmm2) 

±^mm^m<Dm^mmx7jk-tx 5 tc. mi mmmm 2 1 ux. «-^®m<z? k 

i-5 J: 5 JfeS^it^^^fifei-S ii&i<. m^Wm^^M 5 2 00 3ii>^,^3fe5Bl3g|aJ 5 
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ijafife<^ii<^J^^^igx 0*b<{il n^Ga i.^N/I n^Ga i_,N (0^x< 

y < 1 ) w t -e. I n ^-^t^mm^mwm. 0* U < 

UV\ :L(Dmti^<Dmtl^^^m!^nt LX. G a N, A 1 G a Nfj: ir<^ I n G a 
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V^-Cf±±IB3S3t®i:l^^^^:, L< I n G a NS^ffiV^S r i:T?$>»5 . I^li 
I nGa N, G a N. A 1 G a N^lgtt 5 r t LV\ :L(Dt^. ^ 

10 #FJ1 iJlfcV ^-C^f U < « 1 O n m£4T i: i" S ^ i: -t?. fi^5a^JJ:®^xfc5S5t« 

hmt:iS''7 y h'm J: t>l§^^ J: it < J^^J:t> iiS^^lc: K-^-?^' b 4r 

< {iA 1 ^-^if^-fli^l^^fls:. $ biiZ-Bt. b < fiA 1 G a NP?^fflV>^ r. <b;5S/g:• 
=1^/^;?' H 5 8 l::7i^i-J: 5 ic, m«i?f^^^®F^T-^^S|5 5 i i o i: LT^ 
25 MT-«. mis 2 OOOSr^ttT. ^ffil^©-$Pl-3^#i-<5±:lf|Sm«i2 2 00 i:, ^ 
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(mmimmi^s. 9) 

2^::*5V^Xfi> miHWMM^M5 200\zf^i<DmMi oooib^Wti-fhti^ 

«g 1 oooASig{t ^^tzLM 1 ^mMii 2 \^^m:^m^mm^w^-t^mmi^s t u 
^^WMW-^m-yx^^^w 

sp 5 2 00 tmn «9 , m^fliitsp 5 7 00 \-iw^mMm^ 8 cm 1 

#mMjg 2 ) $ n> 1 ooD3^^«5tgp 5 ? oo p^-e i -DfD^tm^mn 5 

110 (BI1~10. 34, 45, 4 6) i:-t-5?l^«i-Ctie:<. lo^m^'^filjt 

las 5 700 rtx'mi5c<ot^5fe«3t$P 5 110 d^j^fife^ns j; 5 ^j:m^mmM 5 1 1 
0 o«is«3tsr?i^j6K UT a < , 1 -o<Dm^mm 5 7 00 uxip'j^i < t-hi 

^mm^ 5 7 00 ^m$mm \.x^mM<omitm'^ 10000 t-r^:iti>x'^^o 
@[U-cmis {^mm. -^m^) tm^^fhx^^^^ttmi^\^^\ 
mmit. ^^'r^m^mmm^mimiirhtixi>j:\*\ 
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(^im^i 000) 

* fc. n 1 mis 1 0 00 n 1 2 2 s < k -^—m^ 
mmm^rn'm^ 200 i: ux^i^isfe^Hs ig2(oi§^-e{iii3te#iit$is5 1 1 o 

-rs. m 1 2 <D^m$i5 2 s t*. aic^-r j; 5 ^^fe^iiias 5 1 1 0 

ffltf J: 5 l2:m^^5tfiP l O 1 00 roiffi^fBtJiSStH- e,HTV^•^: < . mss^iifiz. 

Tf^-m^k^^i^^'T-^^r-mm (giw$B4s) mimmm2(Dm 

^3t«jt^5 1 1 ooomms 1 1 0 a J: 19 t>s 1®^®l^*3ltS«lS 

sit. m^W}i¥U5 7 ^i^is\^x. ^imm^5 1 1 gi^^l-c. miwmi o 

OOA^^SW^^TigltSCli: (5110a) Tf, jfc^t) WUitt tT^IB^^ 
tti-e^. -^fc^t^JJ: 5?il;l3il 000;il^bilm$Hfc^^^^^:*5V^T^OJ^fPv 

tbf^saoo) tX^xem^Wtn^t. 3ti&i3mLiS8l[Pl::^-^i-S, 

m 1 mm 1 0 00 f*i§)t«i3isp 5 110 \^mmim. ^■r^mmt:^-^^o 
±.^mimmmm2ih(Dmp^imm (s, 9) . f^2mfmmsp^ikxj^^2mm 
2000 (T^fumis® 2 100) (omiHmk. M:P$-m\ati^- Yniii^m'M.m^-r 
:5:Ltx\ mi mm. m2mmmm^mm\^x. mm(ou.n^m. ^^mmm^b 
1 1 o(om<o^tft^^tx'^?>o 

m 1 WM 1 000 ti. 1 1 00^ W^WM^ 1 200 i: t>I^ cmi^i^i: 
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(112^^2 000) 

Tumm 2 1 00 ±^ l/c ^^mmn s 1 1 o t^x-B 2 mmmm 
^mw^'ftx^^mm^s 1 ioi:imM'S:ti:m^'&?>m2mm2 ooo©±gpm 

^2 200. iaiftm«S2 200 a (2 2 00b) i:. 112^2 000 Sr® 1^ tctetfei- 
5«k9{'BaiftS1®2 200a (2 200b) 0 'bJEV^^^Jg^S^^S-T^T 

$P®^2 100 ^^tt'5:ii::6SS:V\ 

Tumm 2 1 00 fi. ±MLr:ixo i^mim.mM t \^xm-f tm-^ u < , 

lill6B. E13 3B, ei54A. HI 5 5 i 5 1 il!)*3fe!9 t> W U 

-S-tD V ^-r^^T- 1> . * L < {iB 2 m@ 2 0 00 <DT§B«^P 2 1 00 Km P $PSr^ 
ttX^^ttmSii:i-5rt, ^U<{iTlasm«i®2 100<om«FP2 lOOa 

mi. 2 1 0 00. 2 0 00 (omxmp^. p M^fki^^^^^^fc^ffi <dtsp 

^^2 100(D$t^^ LTf*. =^y^jv (N i ) , (Pt) y^=7\^^-l^ (P 

d) , nv^!>A (Rh) . /U7^:rr>j>, (Ru) , ^:^^fpj>. (Os) . v'!^ 
A (I r) , ^^^J':^ (T i) , = (Z r) , />.7='>-£. (H f ) . 

■^i^f-^A (V) , (Nb) , ifl^^fV (Ta) . (Co) . &i 

(Fe) . (Mn) , ^y:/-^:/ (Mo) ^ ^uJ>s {Cx) ^ 

■T-^' (W) . (La) , ^ (Cu) , m (Ag) , '('5/ e^i^ (Y) 
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mmihm m^m^^mm ufci¥$ 5 o a~ i o m mon-ft 

y{ >'v^r>A (Indium Tin Oxide;ITO),ZnO. IngO 

\Wa^^miV((0^^\zMi.^ ^mmm 2 . 3 i: ^<z>m^ 1 0 00. 2 0 00 i: o 

1 0 100 h(om^uht><j:>i^-^m (is^m^js. ^'fki^^^^s. ^Ji^) 

l-ifrU-C'fiMbX^j:<. 4fcl£t!c^i*:2 100 (9) i: UT!^te-f 5;ni:>&^b 

~(m^-t^Z.hi^-r^%^ ^fc. :*:if§0J<DP^P|fp2 100b^^-rST$Pm^lS2 
1 00 (D^^\ZL T^m^ 2 1 00 <Om^^(Oi^^ V -^J x.fi A 1 , A g . 

rr-T?. 1216 O A~E{i^2m=Bi2 0 00 ^^©T$B^iBl2 lOOx ±$P^i|Si2 

200 (iaiilfP2 2 00a) <o||life?|0liSrrai-5 t5<^)r'fc t) . ±i^bfci:fct>. 
x"? 5/ KgP 2 2 00 p Sr^J4^ 2 2 GO a i.^^) \^WM UTgEi^m^SU 2.2.mtLh 
LT'bJ:< (El 5 8) . ^^^Wi^lfBi 0 i00<D|BP|fP6 00{c*r/^;;^ii:fc«fiBW 
Pg|i2 100b ii, mrn^^^l 100a i:-C'TlH5m^2 1 00 ^?^^LTt>B:< 
(gl6 0B) . 06 ODtc^-f <t5i-. Tlaim^2 lOOSr— IHJ^P2 100b § 
WR«P2 100b (m2^mMe3^ffi) tm^2 100O^®±lCB^Sm 
fii2 200a .i: LT, gffi||SB2 200a (-^J^IfP 2 2 00 p ) Sr^^-TS ^ 'fe'Ci^. 

m^kifej^.? i:'o<i:-a^i^miii<^^{'*ix m2m^<D^«ri4<^rS]-b^-^i:5:i tds-c# 

5„ *fc. :i£^J:5''ce5iP$P2 100b$r^JK-t-S^2m^2 2 00a(^)?i^lii: L 
Ttt. ^6 OEtC^-Tipl-x m2^mM^3t3lIOiaJ6 00^|S;ttTWR$*T. 
T«P®«iMP$P2 100bi:*JC, m2m«i2 O00^MPgp2 100bi:m«i2 1 

00 ±ic:B^o xm^-r^mm 2 2 oo a (±$pm«i^M§p 2200P-1, -2) t 
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14 (Z>:^:i:V^m1S (?f0fife$g 2 i OO a ) (3fePi^i|3Z<75/jN $ v 

MP^2 lOObcD^imu:; (MPlfl^M^<^i^fa/%^?f^^ [5 300] mm) > 

i-S:3&^fex I1I6 0C. E^:::^-rJ;5i-^ m^2 3 00 IBn^Hi2 ooob{::*j-f£;u-r. 
|| 2^liM@3lCtlialH5 600a Sr^JtT. iQj«i5±®600c (m^**!^®) t 

TOJSseooa mmm. mmmnnw t-a^^x. m^£^upm(o^m 
-b-rs, ^!^i[U3iagP6oo{±. 1 0 1 00 mm. mmm. 

mio ioo^mm^'^^^tx\ mmi tmi'mm(o^mi^i:(Dmx'm&^m 

<£rJF$fi£^^5 CI t . I^*SP 7 00 d J: «9 1 ^1^* LT^ttl LfcTit&S 5 00 

mejUGoocDMik. tmsMmmm<oTnmm2 ioo<dpp«p2 loo 

b (?i^BKla5 2 OOOa) (Dfl^t^i UXfi. ®I^T% Ki/ h^^t. />=:*7A 

P$P2 000bS.tJ«, XttMSB (JS®) ^L<fi?^^|[B2 LOOa 

-eo:^^ $ i: b-Cfi, il^;ti:< i:t> attest UT^It. tfef&L. J; 5 

(4n) {nOTO$p®#®«r^fifei-6ttl|S|.(7)®Jf^, A. »i3S5feM®!e3ttS[ 
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m<o^^ {S^J^iK. ^f^mm X E# (Ky P3?^) S:. l-lOMmi: 

(Dmmmx»>^mi. 2m^mmmmi s (5200) . 2 s {5300) ^ m 

m p ^as 2 0 00 b (Dm. ^^mm (mi. 2 wmms, ^^«5tiaj 511 
0) <Dmm5 110 a^eif. mm-^£ifxnm 
mm t vxmm(o-^m-^<DRMyt^n^ r t i>^X'^ > $ b \:i±m ufc i 5 1-. fife 

^mii^x m^bi^)^ (i^^i^) ^ (dbr) /:e^'^fflv>5:i^:dsx'^, 

n^Ga i_,N (O^x^l) X'h?> ii 0 tum^KHA. 

1, Ag30s;ssitjiii*t*4t urmfifeu ^©m, m^iSLW. (^^©^s 

z.:lx. miWMi 000 tm2mM2 000. nm^i ooo 

m 2 2 o 00 isLa±.^mM 2 2 oo (^msr 2 2 00 p . ^^mii) t SrP— * 
^mtm^mk\^x(DT im mim) ty<^yh'm(oy'^y¥m m2m) t\^x 

Al, ^^mcom^. 5>:y^}'l9<^^l^ m^i-f. W. Mo. T 

/Pt/Au, Ti/Rh (m2@a) /P t (||2Pb) /Au. :65|av^e)tL. 

fc. M2^mM® 3(D;r-5: 5';j'ffi©ii;^2 3 00 ^ LTii, gi{±iias2 s»e) 
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T§P^®2 100 m^^2 100a) t LXs ^f* b< N i /Au 

5 (.m4<omm) 

10 mmmm i o . 

mmmrn i o x-^. ±iaig i ~ 3 (omm. mtmm i ~ 9 if <z)ig3t^^ i o 
000 sr, ^<Dwsm^mx*mmmw^i 0 4ooic, mm. m^i.tz.m^^mi^i 

0 3 00 T-fcoX. ^<^m^»f®0S:® 5 4 AtZl^-Tc I 0 0 00 ^^-^^ 

mmi^i o 300 i: Lx. ^(ommt ux. ±M\.fz^o\^m^mx^^m^nti 

15 mim^21 (^■?5/W29) {mi^mMJ»2 0m«ii:^--°';' K^} ^^ 05 4 

A\z.^irii b l-Sfls 1 0 400 mmm 1 1 200 x-3LV^^::gEML. ^>^^tt^c^ 2 

®Bi 3 1 (^"« jy m 3 2 ) 2 3 (^ffljgii: y W} t f^^Jc:S«s l 

o4oo<foi-ei:v>jcm^6<j(;:gs^$tLX. ^-^^ti.xfc^v^ S(i£i0 4 
00 mwm. 1 1 2 00 fi. 1 0 0 00 mijun 21 (29) , si (32) 
20 ux. sv ^{-^a^m 1 1 1 00 .^fx^^^^gt ^nxistt fe^. 

ffi<z>@;®i 1 3 00;6S|3:ttbtLXV>5„ 0 400lz:i!l^S|Si 1 sooSr^Jt 

Xt>S<. :irxfi. 05 4B<^>^fliilllKli3:^-rJ:5t::. ^m^SP:^^^^ 

(^^^SBllSOO) tLX. pMg (Igl^mm^) 1 1 500a. nS^ 
(m2^mMJl) 1 1 5 00b i£:|8!{tXV^5o rrx«. ^^^IfPl 1 5 00 
25 1 0 400 {;i 1 ofctt^ltXV^S^S, 2 oJ&^±|S{tX^$P 1 0 000. 

S<4S2 0 100) ©m^. \ 0 400{B!lgaift:^i^X^gEiS§$tb5?^ffi/iirXtj^ 
<> -e^il^^fi. Sflsi 0 400±. IS3tilg2 0 000 (i^lfP2 2 2 

00) ic^^Lx. ^%%=i-\^v>{^-mL. iBiiigsgg$nxtsv\ 
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is^^^i o oobmmm2 1, 31^, 0 4.00 (ommi 1 200 i:f± 

<fiS#:i O 400 -(iim^l 1 2000— SPi. ^^-^PO— gpi: L-C%S<x 
^fc, Sflsi 0 4 00 lis m^m-Mi 1 500 |[r5tU^iV>ii^(^>f->^-^!j7>' h-e 

0 400 tMtn. i^mommi 1 3oo■r!7-r^'-^^^$^^ 

X1>a<. Sf*: 1 0 400 <7)ljl^fl|itgp©m«i> ^b<ttl^§|J. ^«Plcr3lii-t-5 
^i^Ml:::?^^^ L-C. mUl i 300. m-B-M l l 400 VXWti-fX 

2|5:|g?^(^383fe^^«lit 1 OO00tc*3V>-C. m^«®«l5tl 0 lOOOJi^^^t:: 

^-rj:5{-. s^4oo. ^u<{iStg4oo t^ji«5^i 0 100 t(Dm^m-f^ 

9 A~B \z^-tX 5 1-. 1 7 00 dSA 0 «F0 • ?9Fgii^ 

&m.i±(D—umm^^. it^mi:^m i^^y^^i^h) Kx^mm. mm. 

it^Pl 0 100 t $:5>ai$^5^^> t^6<}'^iWii • ^1';'3Srj&DxiTffit^. ^-^^^ 
3ti^l::*3V^TStRi tm'f'^mm^^i 0 100 i:<ora-C«)i^;:ti. 3iiJ:J:5^?}fe 

$f * L < fi. ^ItS^ 9 00 ic. gg-^P 8 00 VXWi 15 -g-^-^S :i i: 1^1 

N. SiC. GaAs. Si, C (^^ir^^^K) ;6S^jiJ-ffiV>btL5„ ^C>flil 
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(OW^t LTtt^ Si, SiC, GaAs, GaP, InP, ZnSe, ZnS, 

t:d^-V^. ^mUnbX^XMci^m^itAs, Cu. Au. P t ^Oi«#mtt^JR 

:b>^m^^i\^rcimi^±(D'^mt. w, mo. cr, n im<om^(o^mi!)^^ 
it 1 0 1 00 1 mm 9 00 ^ u < ^■imm^un 2 o 3 oo i: (om(ommmmmmti: 

^Jfe^ittU ^fc. l^*$|5 700<B!lSr3t'9^mb^lR]i:-t-5m-a'fat. g^StJl 
800^L<fiS^9 00. Xfi^^lHitl O 100<Z)— §151', Al, Asti:if(DR 

(^•^^8 00, l^^m 1 1 400, ^^UU2 O 400) 
^W&Wl9 00 tm^m^i^l O 100 t(Dm^^ S^^^^iSlOlOO (1 0 000) 

tmrnmp^i 0 3 00 tcomm. m^m^i 0 000, ^nmrnsoQ. mmmi^i 

O 3 00 tmtftmW:2 0 000<^|||gS«S2 0 100 (I|XjSft|fP2 0 200) i:<^^^, 
^'g'{^*3V>T, gS-a-^SOO, (1 1 400) , ^^*t2 0 400Srl|V>Sri:;6S 

ho^xo^im-^. m-^mf&m (^mm) , ^mun(om. ^^m^i 0000 
i^^(onm^^nm.\^x^ mm\i\cmirircm. mmti^x. au, sn, Pd, 

u-Sxi, Sn-Pd, n-P d/()Si?*LV\ $^t::0*L<{i, ^1<^ 
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*;fc:i(Dct ^i^e^-^Jifi. TifeiM (^^^4 00. ^T«it i o i oo 

StK900x ^^S^*:2 0 lOOx ^M&i^l 0 100) iC, «g^<4«?5^V^^<^7< ^ 

M:Wm i: LT f^. SI 5 6 9 Jc. mtft$^^ 1 0 0 00 (Z^S^K (1^:7 r ^ 

T) 1 0 i:^i^*FB2 0 200 COJS® A g y :3r<D*®%l^m) Ic^^® 2 

O 400 t LTf:t. S^KiBfla^blllfilC, A 1 (0. 2 /z m, Rtt®) /W ( 0 . 2 
Mm) /Pt (0. 2/xm) ^<^_blCAu (O. 3 a m) /Sn (0. 2 // 
m) S:7^i:^0^®(c:Au (lOnm) m^W^^\^X^ H^gP 2 0 2 00 ffifll- 
t> A uJSSrJ^j^ U-C. ism L-CJE^ LTg^^P 2 O 4 00 J; t) 10 0 
00 ?^g|^i-S„ ® 5 9 B^::*3V^T. il^#3tl 0 100 Sr^ltStRl 700 tJiRS 
tJ^t^^Sgl-a-gSOOOAftcfiSIi: LT. m2^m^ (p^ig) (ZJp-lBSimigl*^ 
JitC, N i -P t -Au-S n-Au(7)#-MMtr. B^ff 0. 2//in-0. S/im 
-0. 3;/m-3. Gjum-Q. \ iiva ^ iixa.-V^ Cu30%i:W 

7 o%<75^-a'<*:>{i^bfife5i^JSS^i 7oo^iav\ ^(r>^w&(r>^m\z.. t i 

11^0. 2Mm-0. 3jizm-l. 2 m mldJ^JBK LT. OTLT 
(I^^^Mfls: 1 0 3 00) 

*:^e^^^:*3V^T. ±HB5l^m-?^Sr^^g2 O OOO icill^f sm^J-. BI l 
6B. SIS SB, EI5 4A. 0 5 5 t^^i-J: 5 IC, fc— >'»';J', 
fi^ammm^\ 0 400{::, ^%m=!-\ O 000 SrH^LT, 
^UT. m^^S(*:l 0 300^0^ UTtj^V^ B^^^IOOOO 



wo 2004/013916 




PCT/JP2003/009836 



55 

m^tt. nmsE. )t^a^umit^ ^^ituxai^^nsc -^fc. ^(ox 
5 tiim'f-mmw- 1 o 300 1±. ?^^m^ i o 000 (Dm^m\zM\^-t?,mm^M 

2|s:isiB<o3®^s*^i 0 400 Kn. ¥&^m^ 1 0 000 (omMB^mmi^M\^ u 
xm^Tzm^ia-i, ^^m^ioooom(owm2 I (29), 31 (32) 

iJl^ffKUr. Sflci O 400{R!lfcmS»Blitl 1 200 a , bd^^ltbH, ^i/tm^ 

1 o 0 00 (ommm^m t mirj-tsmij (s^k 4 00) t^*i-f^ uxs^ic 1 0 4 00 
f^ttbHsd^ ^^m'^ioooot'p^-Y—w^(omM^wtnxi>^\^\ & 

(*: 1 O 400180^® 1 1 200 {i. J: 5 isi, 1 O 000 ©gg^ 

M^^mi^Wt\1r htiitmi^m'^f- 1 0 400 (Dm® 1 1 400, 0 

4 00 kZiMmils If T /u^^ itX^3fe*^ 1 0 0 00 (T^M-a-S^RiJ*^ b ^^S^ft'J 

mX'i-i 1 oro^jfe^^ 1 0 1 00 1 o(DSI^S<*: 1 0 400 KM^VX 
V ^5 1 0 1 00 trmmm UX l OO^® l O 4 OO IC. Sfls 1 

o 400'(llsa^fl;i®l-J: i^lfe^^J, E^iJ. M^^gi-^X^iS^^^. ^^Ufc^Mfl^l 

0 300 k LXt»^<, lo<D^^^^l O 100\<l1^\.m^(Dmm^i^l 0 400 
Sr. ««x.riM^CS*itg03m^SrS<*:i: LXt>S<> ^fccnPj<^«a'^Xt>&< . 
^ blc^ 0 100, mm^t^ (M^) 1 0 300 ^i^rRjir, \,^-rfit> 

Sr^^S Uyt^^^gf*: 1 0 300 Srmux 'bav\ 

mtftm=F- 1 0 0 00 f*. [3 5 5 J: 5 1 O 5 00 X^fc^tLXV^X 

tja<> ^(Dm^l^k bXfi, S i Oj, A IjOa, MS i O3 (7tc*J, LX 
fi, Zn, Ca, Mg, Ba, Sr. Zr. Y. S n. Pb. ^^Cif^Sl^lf t>tt 
) /^^©jg^fciiSSWJ^tXfct), (3fe^^iaJ*tl O600) Sr^W^-^ 

tL. $ hi^'^^mtmm^i^ED 1 0 ooo^^^^^^^l o ^oo ±\zi^m^fiBM 
^ttSo ;i<ojs;{i^c:at^ Lxtt, f^^^iti 0 ooo ^^m-t^mm^mm 
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mil b-CfiDBR3teifSr?^^LT'bg:V\ 
0 6 00. S2 3 100) 
^m^m^ 1 O 6 00. ^ L < fi^^fe^g 2 O 0 00 ]H<D^^^m 2 3 1 00 (i, 

^3fe^|sSr-g-:tbfct><D1^fflV^S:lt^5Tt5o i 5 Jfe3te^«l§P*t 1 0 6 00. 

tftm^ 2 3 1 00 fi. ±sat^ J: 5 \z?^t/tm^ 1 o 0 00 — ep^ u < n^i^. xf* 

^mc^JB^mHSI*; 1 O 400 $PJC|gtMU-C. 0 5 00 i: UT?^fiK 

Si.Al. Ga. Ti. Ge. P. B. Zr. Y. Sn. Pb. *)SV>{iT/U 
{}^ti:< t^S i ^ Al. Ga. Ti. Ge. P. B. Zr. S Pb. 

0 5 6l;L^i-J;5lJ:> ^3feiSK2 o o00<D^JhlfPW2 3 OOOO-SPi: 

i^xwtn hhxh^< . laic^-r i 5 \^mitmi' i o ooo icgsppgux. ^ib$is 

#2 3 OOOaJh. {^2 3 OOOb t<DW^Wti-fhflitm2 3 lOO X^xm 

^^itlXii^<. *tih$B*t2 3 OQOp^iZ^m\^Xtltmm^U^^m\^X. itit 
3 O00^3fe^m®2 3 100 i LT'tig:<. ilSS#:2 2 OOO. H^Sfls 
2 0 100. lUJlfpilKJ^^HS 2 O 200 Ifyizm^m t LTlSitt btbT fc^V^ 
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e,^Sm,) 3 (Al,_yGa,) sO.z : Ce <0^x<l, 0^y<l. <i.U, Re 
fi. Y. Gd. La;6=»bJfe5f^i9^«^$3xSi!?'Jfc< i*>— @07c^-T?fcSo ) 

3tet:°— ^J'tiS 3 0nm^+iSl^fc9 7 2 0 nm*T-^^5l< K^C^^:^'<:^' 

STtl-^^-^Tt J;V\ BP*>^ Al. Ga, L aRtJ<G d-^SmO-^^Sd^^ 
2amJ!^_Lc^ (Re,.,Sm,) 3 (Ali^Ga,) sO,2 : C e ^^fef^Sril-a^^-li: 

<D^®_hl;i*3V^-C— JS/i^fj^^^^l 0 500. 7t^^$15®2 2 lOOx 

0 6G0ifJt--:^jeJLJi#:SL.Xt>J:V^U, -jg*^b?teS 3— r >f V^S^'l-^ 

tbS J: >9 ^ < Sfe tsO^ofe A 7 ^i^^i^ f-z.^\^^ 

•a«?^*^t{i^ia urv^s r h -dm^ lv\ y AG^^3t<^tc{-^^$n2)ryi-5 -•^ 

mmimm\^x\t^<o 
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56^0 Y. Lu^ Sc. La. Gd. Tb. E uS.UfSm*»e>3l*R$3xfci>?fc 

2. 90^ ®0. OsT^^O. 0S-^l5Oi2'* ^2. % ^ 0. OsP^O. 01-^^5012^ ^ 

2. 9oC e 0. 05P r 0. osA 1 5O , g^d^^lf ^jtbSo :^tL^(Dp*>. #tC7|s:||ig 
LED^-/-7'75^b03t/6SSi^-r5m^t::^<?Kfife^-1irfc K^/ h ^© t> (D^® 

^'±^:Lt\z^ox^mx<?^^-^m^£mitmmt^?>^ti)^x^?>. ip-^. s 

i:A5x-#5„ ^3tef— :J'»c:^Xp ^510 nmf+iStrjfo 9 7 0 0 nm#)S 

3/ h y • r/l^5:=:!>i^^<ki^m^3fei*:T-fcS35^fem}65^3fe^t6^j:YAG5^:^ 
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3t(*:-Ct>. :ff'-^y b«it-t?fe«9fRi. ^D^jk^iz^<. BiS.^^:^^^ hJ^(D 
t°-i5^^SSXp/55 6 0 O nmf+iaid&O 7 5 0 nmf+ia^T-^^^l < :/p— K^fe 

y^mmX'mm^^?>m^m-t. NS:-^^, ^S^oSe. Mg. Ca, Sr. Ba. 

R.rJZnt)^^mW.^tLr:i{i;'fj:< tii OiDTtmt. C. Si, Ge, Sn, Ti. 

Z r . RXJ^H. f ;Ji>?3^m$nfci!?;'£< t i> — ocOjcmt^^?^. %±^5u*d^e) 

1 0 1007a>e>^5t^Hfcprm^^ ^^iSft. RO^YAGm^m^^bO^g^teS:® 
HX-rSr i:{::J:o-ri5ft^$tb|g3fe-r5'^^<ijs:^V^5o ■B^Jxifl. C a -G e -N : 
Eu, Z^^ Sr— Ge— N:Eu, Z^, S r — C a — G e — N : E u, Z^. 

20 C a — G e — O— N : Eu, Z^, S r — G e — O — N : E u , Z^, Sr— C 

a— Ge— O— N:Eu, Z^> Ba— Si— N:Eu, Sr- Ba — S 

i— N:Eu, ZWt^ B a — S i — O— N : E u, Z^, Sr— Ba — Si— O 
-N:Eu, Z^, C a - S i — C — N : E u, Z^^ Sr-Si-C — N:E 
u, Z^, S r — C a — S i — C-N : E u, Z^, Ca-Si-C-O-N: 

25 Eu, Z^^ S r — S i -C — O— N : E u, Zli^s Sr- Ca— Si— C — O 

-N:Eu. Z^^ Mg-S i -N : Eu, Z^^ Mg -C a - S r - S i — 
N:Eu, Z^. S r -Mg-:S i -N : Eu, Z^x Mg - S i -O — N : E 
u. Z^, Mg— Ca— Sr — Si — O — N : E u. Z^. S r — Mg — S i — 
0-N:Eu, Z^, C a — Z n-S i -C — N : E u, Z^, Sr-Zn — S 
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i— C-N:Eu, Z'^s S r -C a - Z n - S i - C-N : E u , Z^^ Ca 
-Z n — S i — C — O — N : Eu. Z^. S r — Z n — S i — C -O-N : E u , 
Z^. S r — C a — Z n-S i -C-O-N : E u, Z M g — Z n - S i — 
N:Eu, Z^, Mg-Ca-Zn-Sr-Si -N :Eu. Z3^. Sr-Zn 
5 -Mg-Si— N:Eu, Z^, Mg -Z n - S i -O-N : E u, Z^> Mg 

-Ca-Zn-S r-S i -O-N : Eu. Z7h. S r -Mg -Z n- S i -O 
— N:Eu. Z^> Ca-Zn-S i — Sn — C — N : Eu, Z^, Sr — Zn 

- S i -S n -C — N : E u, Z^> S r -C a — Z n-S i — S n-C-N : 
Eu. Zlh^ C a-Zn-S i -Sn-C-O-N : Eu, Z^^ Sr-Zn- 

10 S i -Sn — C — O— N : Eu, Z^, S r — C a — Z n — S i — S n — C — O 

-N:Eu, Z?^, Mg-Zn-S i -Sn-N : Eu, Z^,Mg-Ca-Z 
n-S r-S i — Sn-N : Eu, Z^, S r — Z n -Mg - S i — S n — N : 
Eu, Z^x Mg — Z n-S i — Sn — O-N : Eu, Z^.Mg-Ca— Zn 

— S r -S i — S n — O-N : Eu. Z^. S r -Mg -Z n-S i - S n— O 

15 -N:Eu. z^fii£n^(DU'^o^'^%p^^mmir^^bii^x'%^. ^±m7t 

^T?$>5ZJ±, La. Ce. Pr, Nd, Gd. Tb. Dy, Ho. Er, 
Lu(0 9-feil;'3^i< ^t>15fiiJ6A-ll^5■^W^^^TV^5r.i:;5S^gl^UV^:6^ Sc. Sm. 

20 m'^Wm.^'^ir^tK Yb. Sm^f*2^ffi. Ce. Pr. T b^fi4ti<?5m^ifi 

Ji. Mni:Oi:<D:7-7S'^';^^^{ci'9 3|ai^i&:>c#< U |g5tWSoiJi]Ji?SriaS 
25 Z.t1fiX'^ 5o 2|5:5g?gi-^Sm3feflsfi. Mn d^Ssin^nfci S r -C a - S i - 

N:Eu. Ca— Si-N:Eu. Sr — Si— N:Eu. Sr— Ca— Si — 
0-N:Eu. C a — S i — O— N : Eu. S r — S i -O— N : E u^v' U =« 

^y-r^i KT-S55o t.(D'^itw-(Dmim^7xM\-ts -<ass:LxS i^n ^^y^ 

X+4/3Y) : Eu^b<fiLxS i^O^N (2/33c+4/ay-2/3z) <Lfi. Sr. 
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Ca, S r t C a (D\,^-rflt>\ ) -C^$*X5„ —B^'P. XSTJ«Y«. X=2, 

:Brfls:6<)lC{^. S^Js^fifeTU^d, Mn^sm^ra^nfc (S r^C a i 5N 

gtEus SraSigNgiEu, CagSigNgiEu, SrxCaj.xSiyN 
5 10 -Eu. SrSi^NiorEu. C a S i ^N^^ : E uT'^^HSifc^fe^sSr^ 

ffli-S:li:;Js^f^Lv^^^ r©^3fc<*^<^j!ia^'f i:if^. Mg. Sr, Ca, Ba, 
Zn. B. AK Cu. Mn. C r STJ«N i TS^b''^ 51^ J: < 1 1> 

10 Lfi, Sr, Ca, S r i: C a ©V>i*ix;5>t?fc5o S r C a tt. ©fMt- J; 9 

15 r aS i sNb :Eu, Pr.BaaSigNarEu, Pr.MgaSigNaiE 

u. Pr, ZnaSigNaiEu, Pr^ SrSiyNm^Eu, Pr^ BaS 
irNio^Eu, C Mg S i 7N10 E u, Ce^ ZnSiyNioiEu, 
Ce. SraGegNaiEu, Ce, BazGegNgrEu, Pr.MgaGeg 
N8:Eu, Pts Zn2Ge5Na:Eu, Pr, SrGe7Nio:Eu, Ce. 

20 BaGe7Nio:Eu, Pr^MgOe^Nio^Eu, Pr, ZnGe^Njo: 

Eu, Ce. S r 1. aC a 0. 2S i gNg : Eu, Pr^ B a i. a C a 0, 2 S i gN 
aiEu, C Mg 1. aC a 0. 2S i gNa : E u, Pr, Zni.sCao.zSi 
gNatEu, Ce, S r „. s C a „. 2 S i 7N 1 0 ^ E u , La^ B a a C a o. 2 
Si7Nio:Eu, La^Mgo. gCao. 2Si7Nio:Eu, Nd^ Zno. aC 

25 a o. 2S i tNio Eu, Nd, S r 0. a C a 0. 2G e : E u , Tb. Ba 

0. bC a o. 2G e yNjo •• E u, T Mg 0. sC a o. 2^ e ^Njo : E u, Pr. 
Zno. sC ao. zGe 7N10 : Eu, Pr^ S r a C a 2 S i gG e N^o : E 
u, Pr^Bao. aCao. 2Si6GeNio:Eu. Pr.Mgo. gCao. zSi 
eGeNio:Eu. Z n o. a C a 0. 2 S i eG e 0 : E u, Y, SraSi 
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gNgiPr, Ba2SisN8:Pr> SraSigNgrTb, BaGe^Nio: 
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